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Contents and Origin Analysis of PAHs in Paddy Soils of Wujiang County

DING Ai-fang"? PAN Gen-xing', ZHANG Xu-hui'

(1. Institute of Resources, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China;
2. Nanjing Xiaozhuang College, Nanjing 210037, China)

Abstract; In this study, topsoil samples of paddy soils were collected from selected sites of Wujiang, Suzhou Municipality, Jiang—
su, an area with rapid industrialization. Contents of 16 polycyclic aromatic hydrocarbons (PAHs) were determined with HPLC.

Total PAHs varied widely from 219.5~1628.6 wg-kg™ in surface layer, 83.9~1 182.0 wg-kg™ in subsurface layer, indicating gen—
erally higher in the former than in the later. Concentrations of PAHs in soils of industrial area are also higher than that of agricul—
tural area. The PAHs with low molecular weight (2~4 rings) dominated the determined total PAHs, being basically 67.9%~98.3%

of the total. There existed a general correlation of total PAHs content with total organic carban (TOC) content (correlation coeffi—
cientis 0.62, P<0.05), supporting that the TOC might act as a sink for PAHs in paddy soils. Correlation factors between seven

PAHs concentrations and principal component analysis, together with the ratios of Phe/Ant, Fla/Pyr indicate that the sources of
PAHs in paddy soil are mainly influenced by petroleum and phthalocyanine.

Keywords: Wujiang county; paddy soils; PAHs; TOC; Phe/Ant ratio; Fla/Pyr ratio
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Table 1 Characteristics of the collected soils in the present study

i TR e JR B Vi /em pH(H0) TOC/gke

R . b e 0~15 5.46 216

! B et ARBUEELI 5 1530 s 167

0~15 5.21 20.5

2 SRS GRES EGREEE 15~30 5.46 19.0

~ ) 18.2

3 TN N E2E Y S 105~13;50 i ?3 8.7

~ 5.30 12.6

4 I\ AN SH EYLE 105~1350 6.43 7.9

0~15 5.66 16.0

5 Peili L ht g 15230 7.07 11.0

6 " ok WO ERE o -

~ 6.37 26.5

7 et (SRS SWEIFRIX T5 YR 105~1350 751 153

.. PN 0~15 5.54 16.8

BURERTAE 100 mx 100 m A9 FH AT FEHLREL 3 45 £3.1999),
R, AR—NRARES . HEERE ST RS, 1L pH fEAYIISE LA (WL 1:2.5, Mettler-
20 HATHPRAE 5 H . I 20 BGER o A FH 3 i At Toledo pH meter),

PRt — RS 3 100 HARGG, A FE & R IGER
Trfees o
1.2 IXFIRALEE

THEM G IECEE AR Tl H & ek
WEZREM . 205 BAREY) T USEPA Method
610 ZLR Y 16 FOEICKINE) PAHs ISR, 4 H &
Supelco A H], WA NG (HPLC), W H fE [
Merck AR, WAHHTHZK R 18MQ HE4lizK , HAbH
IKR VLAY A >5MO 1B 7oK, BERRHE 130°C
TGtk 16 h £,

Waters1525 =80 AH €354, Blf LC-PAHs %
AR (15%4.6,5 wm) 2 Watersd74SFD Fll Wa—
ters2487UVD RURI 2§

1.3 BHLERFN pH BIMIE
A HLAB I 2 FH B A% TR AR S ([ 4398

1.4 PAHs BY$RER 4t FnillE

PAHs FOHEER Zlifb 2 IR 5 55 25000 ik

PAHs BYINSE - S st A G FUKAR , #1046 2540 2
KA 60:40, SRJEAMAHZNE EF, 15 min J524
100:0, 11 min Ji5 [FIBNRILRARAS o KIS . 2487UVD
N=254 nm;474SFD #1707 [E] i #% ,0~6 min: ExA=270
nm, Em\ =330 nm;6 ~14 min;:Ex\ =245 nm, EmA =390
nm; 14~26 min: ExA=290 nm, EmA=430 nm, V. 5
JE E(1,2,3—cd) i FH A AMGIN 25460, HEAx 56t
LioRiUEES Salll 8

FE P53 BT PAHs ARifEAL S P i L8 B8 B ) a6 A 7
BT, E AT FH 2 IR 05 ARkl e o #6477
Jrikas A BB FE i -TA TR RN I A A |
TNAR B 26 45.7%~105.6% , ARUEM 25N 5.6%~
10% ., FHICSTHT AR5 53 B T SPSS11.0 31 f:
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2.1 PAHs IEE5 D 4HE

8 MERL PAHs iz W3R 2, vJLLE I 7E 0~15
em FJ2 3 PAHs B &l 219.5~1 628.6 g kg
(TH, TR, NEMIX TG YRR — N 2ER, B
BIRATIT & X EGEFEAS 1.6 i1 7, HEZHEH
PAHs ST 1000 pg-ke, HAMFEA h THEE
Tolk X FIACH T4k, #JZ 3 PAHs & 5 AHXT 8

/N3 GRIZ AN 219.5 pg-kg !, BTG Yt H 1K
(9 177, AL T A 7= FRASE X 1 b PAHSs #5200
AR

[ N A A D2 F WS RGE 1A [ X3+ g
PAHs IYT5 94100, BRREISERFTE 1 N 1Skt
o PAHs BN 68~3 077 wg-kg™'; KREIFEHITI
Tk BH TG HE £ p PAHs SN 239~3 131.3 pg-
kel WRESEHGE KESE MR 2 58 PAHs Bk
| 4400 pg kg, IIHBFRJZE 4K 961 pg kg, Lk

Fz2 RIIMHATELH 16 MELEKRN PAHs = (pg-ke™)

Table 2 Contents of PAHs in the soils collected from various sites

RN FE 1 2 3 4 5 6 7 8

0~15cm % 142.6 ND ND ND 428.6 54.3 ND ND
WA ND ND ND ND ND ND ND ND
ZEE ND ND ND ND ND ND ND ND

Vi) 64.6 403 15.7 ND 80 142.9 130 12.9

i 143.7 248.6 70.3 54.3 225.7 1157.4 714.3 48.9

pis 10.1 ND ND 210.0 20.5 85.7 57.4 ND

P 150.5 56.3 420 9.7 51.4 25.7 289 52.0

[ 150.2 50.6 474 78.0 37.1 100.0 69.1 64.0

FIH () 65.7 17.1 8.6 88.6 9.6 5.7 15.4 203

i 94.3 25.7 189 8.6 14.7 8.6 25.4 309

A F(b)H B ND 11.1 ND 16.6 37.1 15.7 19.4 16.3
A F(k) 7B 38.0 ND ND 19.0 14.3 6.0 6.5 8.6
FIH @ 549 12.0 6.3 5.1 25.7 114 17.1 217
“F I (ah)E ND ND ND 134.3 8.6 0 ND ND
FIH (g hi)iE 59.4 16.6 103 137 114 29 19.1 23.1
HiIF(1.2,3-cd)tE 40.6 16.3 ND ND 14.3 12.3 15.4 17.7

il 1014.6 494.6 219.5 637.9 979.0 1628.6 1118.0 316.4
e/ 14.2 NC NC 0.3 11.0 13.5 12.4 NC
REIE 1.0 1.1 0.9 0.12 1.4 0.3 0.4 0.8
15~30 cm % 85.7 ND ND ND 297.6 327 ND ND
WA ND ND ND ND ND ND ND ND
TEE ND ND ND ND ND ND ND ND

Vi) 26.6 237 ND ND 329 97.4 20.9 ND

i 743 68.9 56.6 534 64.9 857.1 571.4 40.6

pis ND ND ND ND 6.3 60.2 20.9 ND

P 73.1 73.7 40.6 12.0 312 19.3 20.6 423

[ 923 91.4 369 15.1 30.6 72.6 63.7 48.9

A (a) B 37.1 16.2 ND ND 114 4.6 4.1 143

i 62.9 24.6 17.1 ND 10.0 6.3 ND 23.1

A F(b)H B ND 25.7 ND ND 21.1 112 ND 12.9
A F(k) 7B 22.0 11.4 ND ND 13.4 4.9 ND 7.1
FIH @ 354 19.1 ND ND 10.6 7.5 43 183
“H I (ah)E ND 23.1 ND ND ND ND ND ND
FIH(ghi)iE 38.0 183 8.9 34 7.1 ND 7.4 243
HigF(1.2,3-cd)tE 314 15.6 ND ND ND 8.2 ND 174

il 578.8 4117 160.1 83.9 537.1 1182.0 713.3 2492
e/ NC NC NC NC 10.3 14.2 27.3 NC
PRI 0.8 0.8 1.1 0.8 1.02 0.3 0.3 0.9

T :ND SRR H 3 NC 227 Hh T B A 2 SR A A M L (TR
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WFFEHSEAE Tolk & e D7 s A& A LK, Ak L
71 AW AETHFE I A R} (s Sl X+ 1 rp
PAHs B2FER K, RILH /KL H PAHs Bk
(EAR T LR ST ARG [, X TS5 T 58 X Tl
FIRC &I AR R R AR, PRBEH PAHS
5 YR BRI NAR

FE 15~30 cm W3R )2 158 PAHs Gl 83.9~
1182.0 pg-kg' , )2+ PAHs BRETIEXRZE L,
M PAHs B H—B5 R FH , KER 7 HIERERZE 15
FWRZEL (AXTF 2 5 LS, R2 H o
B ORI (b) 2 BRI (k) 2 A 1Y 2 B ML T 3R
JZ.PAHs #E A YRS ,— s R R R
il SN P T 2R 2 v B A TR A, 53 AT
FEE I I L FREKIAE R ML R T AT
B B2 BRI PAHs HEATERZ . #EATR
FZ LR PAHs I MEA IR ZHEI T BE &
ETERZ, BRRESEALEDIFET M3 13k PAHSs
A A B T i — 4,

M PAHs [ H.—2H 53 & R, Bir e A ol —
208 E2E MRS ZE | ORI (ah) B R
R AR, TR BRIy JE B R
B AR IF () JESE 7 R PAHs b, 205 B AR
34.9%~98.3%, TE3% 7 F PAHs F4143H , L LIIER) &
HONE, 20 PAHs B Ry 12.1%~80.1% , 4 6 1+
HERE S L T 50%, T EER A BRI TR
EEA BRI 2R A O AT REE A5 Yok R
A, HEHFA TR,

T IRAHIARIR, ik S BURE WA 2
S, WM, 16 FROESCRIINA PAHs , 38 =34
FO IR (BRATF (o) BOO ) S5 Z 05 R B AEH , 1
W AHESABUEERRE, B 150 T RFRRE S
TP R EZHTE  E R, nTLIE R, 16
Pl PAHs 38 . =38 DU A,
PAHs B 67.9%~98.3%,, , I NFRI S A,
5 PAHs B8 1.6%~32.1%,

22 KfELH PAHs SE5TEFHHRHXR

t T PAHs j2— 2Bk A9, A L 3ERITT
Y i) PAHs, FEEHWMEAIY .
Rockne et al. "%} & [E Piles Creek Fll Newtown Creek 2
AHLIX BT DGR T R BT B U A 3%
~5% IR T E AR T AR EZ TR 50%~80% ; 7
SRR ST TR I B LR T 9% R R A A
WL T PAHs S AY 81.55% ; Cousins et al™/fiff 5%

N

itiB PAHs 7€ 3P 1) & 8 S5 PR & S IEA G, #E
AWFSE R W e R PAHs B 5 MG MU T ARG
O3HT A IE R BN 0.62(P<0.05), 5 i 35 TE AR, 361
e B ML S R PAHSs 7F -3 A
2.3 7kFEL 1 PAHs SRIE#IER

HEid PAHs Fi2iZ%, FEORIET AZSG 0, W
A BRI RGE R B A T 2L R R
HARE AT FH 2R 5 e A 7RI, 40 PAHs 20 43R0 G 1A
T EBT T PAHSs ARAEYIIREE LTRSS
2.3.1 PAHs 505G R 353 A

ZATFF IR HAE AL, Fr B e R e HAg
PP E) PAHSs 20535, IR/ DB . X se 4] 4y
XF () R PR T S 22 A 5 R A G PR TR 36 A A
U, THEANTE] PAHs 41531819 AH G PR 7 1T AR UE X 26
PAHs J& 752K A TAHR R 75 YL, 36 3 e 7=
TEHiKRE P 7 4S5 PAHs T5 048 B T AR
W, WA, 25 AE B =31 PAHs Z (8] HA A1
KA, T EE PRI (a) B DUIR Y PAHs Z A A
AHICAE , IX L] 3% 2 [a] () i AH DG 156 PAHs 1975
YRR A 1 T REAHTA]

F A BT R E R 2 AR bR A RO LA A
HMST LR A AR PR —FPGE T, rT LU 32 0o
Prok W PAHs B9T5 940, 3R 3 8RR, 56— &
Iy (y) 59 G R )E B RBIR K, R
XLFD PAHs 75 YR AT REARIE] , S 08 (y2)5
2y AE B EER R BUR K, R EATAT RRVE T4H [F]
PTG 5
2.3.2 PAHs bRk i HO(ET:

A 2B WA AT LU R 3 S A AR ) LB, andE
(Phe) /B (Ant) 7% J& (Fla)/t£ (Pyr) K 43 #r PAHs fiY 5K
Ui, Adami FEWFFEN R, UTRR 1 E (Phe) /7E((Ant)>10
Fe 84 TR, 3E(Phe) /7 (Ant) <10 B, 48781k A7 BB
SEIRBEDRIM, Rogge SEHIF5EIA Ry %€ B (Fla)/EE (Pyr) >1
B, F8 7R A R R HE SRR Be TR 5 2 T (Fla)/EE (Pyr) <
L HR/RATMIENS ST R TR AR IR L (B>
10, 28 BU/EE< 1, 254 4 Tolk sZ il s 1o, Hofk
7K A £ PAHs 2RIt gz i5 4 Kk
S AT T T A AL TR Tl (2
i) K BHERCS ST KRS R KR IR 5 G
ERTT T A KRS b PAHs 15209 EERIE, A 41
A BRBH R e iR AR ok T — @ R 1Y
PAHs 757,
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Figure I Percentages of different molecular weights for PAHs
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Table 3 Correlation factors between seven PAHs concentrations and principal component analysis
Vi S # P 3 FIf() K Ji vl v2
Ui 1 -0.220 0.924
El5 0.836" 1 -0.509 0.837
" 0.905" 0.967* 1 -0.478 0.870
PR -0.038 -0.372 -0.335 1 0.949 0.153
[ 0.412 0.271 0.274 0.735° 1 0.647 0.682
F () 0.053 -0.241 -0.197 0.874" 0.733* 1 0.929 0.272
Jii 0.003 -0.299 -0.245 0.884° 0.709° 0973 1 0.945 0219
A [4] X F B, B4 — A Rl X RIS I it 5 A
3 #Hig I I HA. Al FREERLA441,2004,23(4):827-830.
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i AWK, X —25 SRR A7 R R AT 4R
B51eR, Pt & X AE . A DR 2R R
IR PAHSs A EEAZR ORI S A i
SRR FIAL TG Tl (A 2S il ) 2 7K B HE G
BT KRR FHHE R A IR TG e S R K ARG - p
PAHs {54y EZHNEK,

T A AT i A5 A TR B 9 1458 PAHs &
ERRAA, N PAHs 7£ + 3R it 2R A A
BCHERIBIEST , BTLAR X —FRifE B85 S
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